A small amount of sediment occurs in refined coconut oil stored in a large-scale tank for a long term. This sediment is different from that generally called Cocos Wax, is insoluble in various organic solvents, and has an m.p. of about 100 . In this report, we have done a structural analysis of this sediment. The sediment was carried out by hydrolyzing with a KOH/ethyl alcohol solution including toluene. Samples were analyzed by elemental analysis, IR spectroscopy, EI-MS, CI-MS, field desorption mass spectrometry (FD-MS), and MALDI/TOF-MS. The hydrolyzates were a compound including an oxo group, and its relative molecular mass was 382 for the acid part and 412 for the unsaponified matter according to EI-MS (ionization energy was 70 eV and 15 eV) and CI-MS (reagent gases were i-butane, ammonia, and nitrogen monoxide). The relative molecular mass of the sediment was 1140 according to the mass spectrometry of FD, EI, and MALDI. It was elucidated based on the characteristic absorption analysis by IR and the fragmentation behavior of the EI-MS that the sediment was a wax ester, 3, 9-di-9oxotetradocosanecarboxy-11-oxohexacosane, consisting of an acid part of 9-oxotetradocosanecarboxylic acid and an unsaponified matter of 3, 9-di-hydroxy-11-oxohexacosane.
INTRODUCTION
Coconut oil has long been utilized for food, lamp oil, medicine, soap, cosmetics, margarine, and industrial oil. Moreover, in recent years, the saturated fatty acid, which is a main component of the coconut oil, has attracted attention, and its developments into health food, low pollution fuel for automobiles, and industrial oils and fats are rapidly proceeding. Interest in the existence of the highmelting point sediment, which has been neglected before, is increasing along with the expansion of advanced uses of coconut oil. In general, sediments such as glyceride 1) with a molecular weight of about 600, which is mainly composed of palmitic acid, and sterols are known as "Oil Wax". Moreover, there is another one called "Cocos Wax", which is soluble in benzine and ethyl acetate and has an m.p. 75-85 . However, even for the refined coconut oil from which these waxes have been removed, when it is stored in a tank in a storage yard for a long term after importation, a material with a high-melting point (about 100 ) sediments.
The wax sedimentd from a vegetable oil has aroused interest in the oil-processing industry for various reasons. For instance, the wax content is a quality parameter of high-quality oils. The European Economic Community (EC) Regulation No.183/93 2) prescribes the assay of the wax in olive oil. The isolation, qualification, and determination of the wax in vegetable oil are carried out by HPLC 3) , GC 4, 5) , capillary column GC 6) , solid-phase extraction (SPE) 7) , TLC 8) , etc. Moreover, HPLC-GC and SPE-GC 7) , which are combinations of these methods, are also carried out. These methods have advantages in that pretreatment of the sample (for instance, hydrolysis) is unnecessary and that the separation and detection of the sample can be easily done. However, these methods have no validity in the identification of the material (molecular weight), though they are excellent for the separation and determination of the mixture, because these analyses are carried out by combining the retention time of chromatography, which was defined for a specific compound by another method beforehand, and a detector such as a UV detector, IR adsorption detector, FID, TCD, etc. The molecular weight obtained by these detectors is not absolute. As for the method of determining the molecular weight of the sample, mass spectrometry is superior. GC-EI/MS 1, 9) , which is a method connecting the mass spectrometer as a detector with a separation unit, greatly contributed to the analysis of various waxes. However, GC-EI/MS has problems of thermal decomposition and the injection method into the sample chamber for the sample, which is insoluble in various solvents. The sample in this experiment was insoluble in most organic solvents, though it was slightly soluble in chloroform. We have done a structural analysis by making the best use of the KBr pellet method of IR-spectrometry, which can analyze an insoluble sample, and various ionization methods (EI, CI, FD, and MALDI) of mass spectrometry.
EXPERIMENTAL

1
A sediment from imported refined coconut oil stored in a tank for a long term was used as a sample. The pretreatment of the sample was carried out as follows. The sample was cleaned with ether solvent; further, it was then cleaned with n-hexane solvent using a Soxhlet extractor all day and all night, and then it was air-dried (OR). The OR was hydrolyzed with a mixed KOH/ethyl alcohol-toluene (5:1/v:v) solution. Water and ether were added to the solution, and it was separated into two phases. The aqueous phase fraction was made slightly acidic with hydrochloric acid, ether was then added, the product was washed with water, dehydrated, subjected to ether removal, and the acid part (FA) was obtained. The ether phase was washed with water, dehydrated, subjected to ether removal, and the unsaponified matter (USM) was obtained. Analyticalreagent grade compounds were used for all reagents and solvents in this experiment. The solubility test of the OR was done at 60 , and it was insoluble in the solvents toluene, xylene, hexane, methyl alcohol, ethyl alcohol, and petroleum ether, though it was slightly soluble in chloroform. A tablet of sample/KBr (2 mg/200 mg) was prepared,
2
IR-spectrometry was measured using an IR-810 (Jasco, Akishima, Japan). DSC was carried out using a Perkin-Elmer DSC system 4 (Perkin Elmer, Tokyo, Japan). Elemental analysis was carried out using a PE 2400 Series II CHNS/O Analyzer (Perkin Elmer, Tokyo, Japan) at a combustion temperature of 925 and a reduction temperature of 640 .
Mass spectrometry was carried out using a secondary ion mass spectrometer (SIMS) of an Hitachi M2000 magnetic sector-type mass spectrometer (Hitachi, Tokyo, Japan), and also using EI or CI. EI was carried out under the conditions of ionization energies of 70 eV and 15 eV and an ionization source temperature of 180 . CI was carried out at an ionization source temperature of 180 , and ibutane, ammonia, and nitrogen monoxide were used as reagent gases. SIMS was carried out using xenon as an ionizable gas and using mNBA as a matrix. FD was carried out using a JMS-SX102A (JEOL, Akishima, Japan). A carbon whisker on which the sample dissolved in chloroform had been coated was used as the emitter. MALDI was carried out using a KOMPACT-MALDI-IV (Shimadzu/Kratos, Kyoto, Japan) in which a time-of-flight mass spectrometer (TOF-MS) was installed. The linear mode and the timedelayed extraction (TDE) mechanism were used in the measurement. A nitrogen UV laser (337 nm) with an accelerating voltage of 20 kV was used as the irradiation laser for ionization.
RESULTS AND DISCUSSION
1
The DSC curve of the OR exhibited a simple, sharp peak at 98 , though it exhibited a small peak at 86 . When the OR, which was a white powder, was put on a copper bar (1 mm o.d.) and the combustion test was done, there was no odor, it was completely burnt, no residue was observed, and no nitrogen atom was detected by elemental analysis. Based on these results, we presumed the OR to be a compound composed of three elements: carbon, oxygen, and a substantial content of hydrogen. The molecular weight of this OR was obtained by the ionization methods of EI, FD, and MALDI (
). An m/z 1140 for the molecular ion M +• was observed by EI, an m/z 1141 for the protonated molecule [M+H] + and an m/z 2281 for the dimer [2M+H] + were observed by FD, and an m/z 1141 for [M+H] + and an m/z 1163 for [M+Na] + were observed by MALDI. The functional group analysis of the OR, which was almost insoluble in various solvents, was carried out by the KBr pellet method of IR-spectrometry. A characteristic absorption wavelength, which indicates an ester linkage, appeared at 1735 cm -1 (
). Furthermore, absorption wavelengths of 1220 cm -1 and 1190 cm -1 , which indicate an ester bond of an alkyl group composed of a methylene chain (-CH 2 -), were observed. Based on these results, the OR was determined to be a WAX ester having a methylene chain.
2
The OR was decomposed into FA and USM by hydrolysis, which is the usual practice in the analysis of a wax ester. The hydrolysis of the OR was carried out by a conventional method in which toluene was added to a KOH/ethanol solution at a quarter of the volume of the ethanol because it has a high melting point and is insoluble in ethanol. The FA was a white powder. C:H:O/75.12:12.52:12.36, which was obtained by elemental analysis, the chemical formula close to the relative molecular mass of 382 was C24H48O3 (calculated value: molecular mass 384). Consequently, the FA was determined to be a compound having a composition ratio of C24H46O3 in which two hydrogen atoms were subtracted from C24H48O3. The FA, which is the acid part of the ester, is a carboxylic acid. This is clear from the fact that the absorption band of the OR ester disappeared after hydrolysis, and that absorption bands of 1710 cm -1 and 2500-3200 cm -1 ( ), which indicate the presence of an acid dimer, appeared. Furthermore, ions (M-17, m/z 365; M-46, m/z 336; M-59, m/z 323), which were formed by cleavage at the a-and b-positions of the carbonyl group, and which were characteristic fragmentions of a carboxylic acid, produced by simple cleavage due to the positive electric charge, were observed from the mass spectrum of the EI (70 eV) (
). The FA, which contained three oxygen atoms, had an oxo group in addition to the carboxyl group. The characteristic absorption band at 1705 cm -1 of this oxo group overlapped an absorption band at 1710 cm -1 , which indicated the presence of an acid dimer and indicated a strong absorbance ( ). Moreover, absorption bands at 1100 cm -1 (bending vibration of C-C-C, and stretching vibration of C-C) and 3400-3450 cm -1 (overtone of C=O) were observed as those caused by the oxo group. The methylene chain, which was observed in the OR, was also observed in the FA. The branched absorption band at 720 cm -1 and the absorption band at 1470 cm -1 of the scissoring vibration of methylene indicated the presence of a fatty acid with a methylene chain. Moreover, a fragmention group (CH 3 (CH 2 ) n CH=CH + (n = 0, 1, 2, 3...)) was observed from the mass spectrum of the FA shown in . Based on these results, we presume the FA to consist of CH 3 (CH 2 ) x CO(CH 2 ) y COOH (x + y = 21). The numeric values of x and y were obtained from the fragmention of the mass spectrum ( ) obtained by the EI (70 eV). It had been reported that six kinds of fragmentions with different structures appeared in the mass spectrum of an oxo-fatty acid ester 10) . We observed the following ions: ions of m/z 254 (CH 3 (CH 2 ) 1 EI/MS was carried out of 70 eV of electron energy.
3
The unsaponified matter, USM, was a white powder. Its relative molecular mass 412 was obtained by CI ( ). The elemental ratio of the USM was determined to be C24H48O3 based on the percent composition, C:H:O/75.62:13.22:11.16, obtained by elemental analysis, and on the relative molecular mass of 412. It can be presumed that the USM has a CH 3 (CH 2 ) 14 CO-structure the same as the FA because of the absorption bands of the oxo group and the methylene chain in the IR ( ). Using the spectrum of , the existence of the oxo group and its position were determined by the ions, m/z 239 (CH 3 (CH 2 ) 14 C O + ), m/z 172 (CH 2 =C(OH +• )(CH 2 ) 5 CH(OH) CH 2 CH 3 ), m/z 200 (O + CCH 2 C=O • (CH 2 ) 5 CH(OH)CH 2 CH 3 ), which were produced by cleavage at both sides of the oxo group. Furthermore, ions, m/z 254 and m/z 186, which were produced by the cleavage of -CH 2 CH 3 from the USM and by cleavage at the b-position of the oxo group as well as the FA, were also observed. As for the hydroxy group in the USM, D 5, 22 -stigmastadien-3b-ol (molecular weight, 412; elemental composition formula, C29H48O) or D 5 -stigmasten-3b-ol (molecular weight, 414; elemental composition formula, C29H50O) can be considered as candidates based on the components of the coconut shell and the molecular weight. However, the USM is not these sterols for the following reasons: the USM had 3 oxygens, however, sterols have one oxygen; they did not show a color reaction in the Liebermann test; the hydrogen/carbon ratio of the USM obtained by elemental analysis was smaller than that of the frame-constituting sterols, though their molecular weight almost coincided. The number of hydroxy groups existing in the USM was two when calculated from the molecular weight of the OR and the number of oxygens of the USM (one oxygen is in the oxo group). One hydroxy group was located at the 3rd position from the molecular end because of the existence of the fragmention, CH 3 CH 2 CH=O + H (m/z 59) (
). The hydroxy group located in the 3rd position was also confirmed by the difference m/z 28 (-CH 2 CH 2 + ) between each ion of m/z 413 ([M+H] + ) and m/z 385 and also between m/z 430 ([M+NH 4 ] + ) and m/z 412 in the spectrum of . Another hydroxy group was positioned roughly in the center of the molecule. Ions, m/z 283 (CH 3 (CH 2 ) 14 COCH 2 CH + (OH)) and m/z 254, which were produced by cleavage at both sides of the hydroxy group, and ions, m/z 140 (CH(OH +• )=CH(CH 2 ) 3 CH=CHCH 2 CH 3 ) and m/z 111 + (CH 2 ) 4 CH=CHCH 2 CH 3 , which were produced by cleavage and dehydration, were observed. Consequently, the USM was determined to be 3,9-di-hydroxy-11-oxohexacosane, CH 3 (CH 2 ) 14 COCH 2 CH(OH)(CH 2 ) 5 CH(OH)CH 2 CH 3 .
4
Therefore, the OR is defined to be an ester-linked compound of the FA and the USM: 3,9-di-9-oxotetradocosanecarboxy-11-oxohexacosane,(CH 3 (CH 2 ) 14 COCH 2 (CH 3 (CH 2 ) 14 CO(CH 2 ) 7 COO)(CH 2 ) 5 CH(CH 3 (CH 2 ) 14 CO(CH 2 ) 7 CO O)CH 2 CH 3 ). The molecular weight and the elemental ratio of this compound are 1140 and C74H140O7 respectively. The molecular weight calculated from the chemical formula C72H140O7, which was obtained from the elemental analysis value, was 1116. The reason for the smaller molecular weight obtained by elemental analysis is thought to be the effect of a low-molecular weight compound (triglyceride) included in the OR because a small peak was observed in the DSC curve before the main peak appeared. The fragment-ion groups observed in can be explained as follows. Three fragment-ion groups observed at m/z 1140-1028, m/z 887-775, and m/z 691-579 can be presumed to be produced by the same fragmentation because they showed a similar pattern. An ion 11) , m/z 887, is produced by homolytic cleavage at the b-position (CH 3 (CH 2 ) 14 COCH 2 ) of the oxo group from M +• , and further, an ion, m/z 691, is produced by cleavage of CH 3 (CH 2 ) 11 CH=CH 2 (m/z 196). The ion, m/z 691, further produced m/z 437 by losing CH 3 (CH 2 ) 14 COCH 3 (m/z 254), m/z 439 by cleavage at -CH 2 -CH 2 -between the hydroxy groups of the basic skeleton of the OR, m/z 537 by losing 3 . An ion having a gap of m/z 2 was observed above and below each fragment-ion of m/z 400-800 in the mass spectrum shown in . We presumed that the differences among 14 of -CH 2 -, 16 of -O-, and 18 of H 2 O and that the difference between -CH 2 -CH 2 -and -CH=CH-due to the formation of unsaturated bond, that is, 28 -26 = 2, were involved in these results.
CONCLUSION
The structural analysis of the sediment occurring in refined coconut oil stored for a long term in a tank was carried out. The sediment, which was cleaned with n-hexane solvent using a Soxhlet extractor, was a white solid insoluble in various organic solvents and having a melting point of about 100 . The relative molecular mass of the sediment was 1140 according to the EI-MS, the FD-MS, and the MALDI-MS measurements. This sediment, which was a kind of wax ester, was hydrolyzed with a KOH/ethyl alcohol toluene solution. Both the acid part and the unsaponified matter were white solids. The relative molecular mass was obtained by CI-MS using i-butane, ammonia, and nitrogen oxide as reactant gases, paying attention to the functional group. The mass number was 382 for the acid part and 412 for the unsaponified matter. Based on the results of the functional group analysis by IR and the spectral analysis by EI-MS, it has been determined that the sediment is an ester, 3,9-di-9-oxo-tetradocosanecarboxy-11oxo-hexacosane, which consists of an acid part, 9-oxotetradocosanecarboxic acid, and an unsaponified matter, 3,9-di-hydroxy-11-oxo-hexacosane. Further, it was also clarified that the sediment was different from the material commonly called Cocos Wax.
